Introduction
The Global Forest Resources Assessment (FRA) of the Food and Agricultural Organization of the United Nations (FAO) has undertaken global assessments of forest area, characteristics, and production every 5-10 years since 1948 (MacDicken, 2015) . More so than previous FRAs, the FRA of 2015 paints a broadly positive picture of the state of the world's forests. Whilst there are many reasons to be optimistic about the future of forests, there remain major areas of concern as stark regional variations belie the apparent progress at the global scale.
The global rate of forest loss has decreased since 2010 to 3.3 million hectares (Mha) or 0.08% annually, being half the rate in the 1990s. Forests are stable or expanding in temperate and boreal regions, and the rate of deforestation in the tropics is slowing (Keenan et al., 2015) . Similarly, rates of afforestation are steady or rising not just in temperate countries, where planted forests have long been integral elements of the forest estate, but also in the tropics where the extent of planted forests has nearly doubled since 1990 (Payn et al., 2015) . Forest inventories and management plans now exist in more countries than ever and local stakeholders are increasingly engaged in managing and owning forests . International processes that seek to build a global consensus regarding multi-functional forest management are moving slowly towards agreement, as reflected in steady progress in national planning and commitments . The importance of maintaining forest area as part of the portfolio of measures to address climate change is also increasingly recognised (Federici et al., 2015) , and we are inching towards commitments to fund measures to reduce deforestation and forest degradation (REDD+), with the United Nations REDD program now supporting forest monitoring initiatives in 58 countries.
Notwithstanding this progress, forest conversion for agriculture, especially for estate crops, remain significant in many, mainly poorer, tropical regions. Partial canopy cover reduction is extensive in many tropical countries and may lead to eventual forest loss (Van Lierop and Lindquist, 2015) . Whilst forest diseases and pests are reported at significant scales only in richer high latitude countries (Van Lierop and Lindquist, 2015: Table 6 ), they are likely also a growing and under-appreciated threat to forests in poorer tropical countries. Even where forest areas are stable, as in Central Africa, forest wildlife is being lost at historically high rates (Butchart et al., 2010) . In South America forest conversion is slowing, land use change is increasingly regulated, and protected-areas systems are expanding. Notwithstanding this, South America continues to experience the greatest losses of forest by far (Keenan et al., 2015) . In many African countries forest management institutions remain weak (Romijn et al., 2015) , leaving forests highly vulnerable to clearance and degradation (Keenan et al., 2015) . In the Congo Basin low levels of forest conversion largely reflect ongoing conflict and a related lack of investment and infrastructure, rather than good management (de Wasseige et al., 2010) . In South Asia stronger forest institutions are conserving the modest remaining areas of forest and encouraging the expansion of plantations, but total forest area is now critically low in many countries (Pandit et al., 2007; Sloan et al., 2014) . In South East Asia forest conversion remains high as forest departments and corporate investors alike respond to global demand for estate crops such as oil palm, sugar, and wood fibre. Disparities in power over land resources is an issue in all regions as increasing influence is concentrated in the hands of the rich (Piketty and Goldhammer, 2014) and the interests of hopefully more conservation-minded local communities are marginalised.
Massive infrastructure investments are planned for many tropical regions and will soon open most of the world's remaining remote and pristine forests to commercial interests seeking land for estate crops, including industrial forest plantations (Weng et al., 2013; Edwards et al., 2014; Laurance et al., 2014a) . The effects of such investment on forests are difficult to anticipate and have arguably not been fully accounted for in national economic and forest management strategies (Edwards et al., 2014) . Agricultural expansion along new and improved roadways may concentrate populations and enable agricultural transformation and intensification; where this occurs in agriculturally favourable areas a depopulation of hinterlands may reduce pressures on forests (Angelsen and Rudel, 2013; Masters et al., 2013; Rudel, 2013) . In countries with weak governance, new infrastructure may pave the way for opportunistic land development, with negative consequences for forests and the people dependent on them (Laurance et al., 2014b) . Whereas infrastructure development would ideally be directed towards regions with high agricultural potential and little forest cover, the contrary is often the case when infrastructure expansion targets mineral resources or estate crops and, to a lesser degree, industrial timber plantations (Gutiérrez-Vélez et al., 2011; Durán et al., 2013; Weng et al., 2013; Gaveau et al., 2014) . New mineral infrastructure poses significant threats to the major tropical forests in the Amazon and Congo Basins as well as the islands of Borneo and New Guineacollectively accounting for most of the world's intact tropical forests. For the first time, the 2015 FRA gathered data on forest areas earmarked for conversion and official targets for total forest area by 2020 and 2030. Most of the countries surveyed and all climatic domains (tropical, subtropical, temperate, boreal, polar) anticipate greater forest areas 1 by 2030 than today. Such increases in forest area will have to be achieved in a world in which agriculture will pose a significant competing demand for land (Sayer and Cassman, 2013; Laurance et al., 2014b) . The dynamics of forest change have shifted over the 25-year period surveyed by the 2015 FRA and will continue shifting in the near term. In the tropics, where most forest change has occurred, deforestation due to smallholder agricultural expansion has given way to large-scale, enterprise-driven forest conversion (Hecht, 2005; Rudel, 2007; Asner et al., 2013) . Rates of forest loss have declined, but the increasingly globalised pressures on forest lands pose significant new challenges to maintaining these declines . In this context we integrate the analyses presented in this special issue of Forest Ecology and Management to assess the significance of the major trends in forest change reported by the 2015 FRA for 1990-2015. Special attention is given to the tropics, where the environmental stakes are highest and forests are still declining rapidly.
This article is structured as follows. The following section considers the FRA forest estimates in light of newly available satellite estimates and an increasing extent of dispersed mosaic forests. Section 3 summarises global patterns of forest loss and gain and highlights instances of national transitions from loss to gain. Section 4 profiles the growing demands for forest products and environmental services and discusses potential responses for large-scale forest management. Section 5 concludes by emphasising the growing challenge faced by large-scale forest inventories such as the FRA in capturing forest extent and services in heterogeneous forest landscapes.
The FRA and realities on the ground
The FRA 2015 gives a more precise and consistent picture of realities on the ground than previous assessments (Romijn et al., 2015) . Estimates of forest area for 1990-2010 have been expressed in metrics that allow comparisons with those of 2015 (Keenan et al., 2015; MacDicken, 2015) . Modern remote sensing has increased capacities to detect forest changes and 70% of countries are now deploying remote-sensing surveys as part of the FRA forest-inventory exercise. The FRA 2015 saw 17 additional tropical countries qualify as having 'good' or 'very good' capacities for forest monitoring and remote sensing compared to the FRA 2005, an increase of 30%, with a corresponding increase in the proportion of tropical forest area monitored to such a level from 69% to 83% (Romijn et al., 2015) . Globally the number of countries with such capacities rose to 54, out of the 99 tropical countries surveyed by Romijn et al. (2015) . Only 11% of global forest area for 2015 remains in the lowest of three tiers of data quality whilst 59% of the global forest area qualifies for the highest of the tiers (Keenan et al., 2015: Table 5 ). This uppermost tier is defined as forest-area data sourced from either repeated national forest inventories or from remote sensing or a national forest inventory completed 610 years ago and entailing ground truthing (FAO, 2015) . Many poor countries still lack capacity for autonomous high-quality forest monitoring and reporting and international efforts to improve this situation should be pursued (MacDicken, 2015) . The 12 countries with >5 Mha of forest of a Tier 1 grade accounted for only 9% of the global forest area but for 20% of global forest loss since 1990.
Successive FRAs have been criticised as imprecisely and inconsistently estimating forest area, particularly by analysts seeking to compare forest area between countries and over time (Grainger, 1996 (Grainger, , 2008 Grainger, 2010; MacDicken, 2015) . But the FRA is now assessing 120 different variables concerning forest resources and attributes for which data are provided by a range of national authorities. Methods, sampling intensity, and competence vary amongst countries. The term 'forest' describes everything from scattered trees in dry landscapes to dense, closed canopy old growth forests in high rainfall areas (Lund, 2006) . The FRA has contributed to the adoption of globally comparable approaches to defining and categorising forests but total uniformity of national approaches is likely to be elusive. In Indonesia, for instance, much land officially designated as forest has been converted to agriculture, often illegally, and only some of these lands have been subsequently re-designated as non-forest land (Indrarto et al., 2012; Sloan, 2014) . This discrepancy partially reflects tensions between the central forest administration seeking to retain influence over the forest estate and decentralised administrative bodies seeking greater freedom to allocate land for agricultural development. Indonesia is struggling to reconcile conflicting maps of land allocated to forests and agriculture and to adopt a single national map of forest and agricultural cover (Unit Keria Presiden4, 2012; Sloan, 2014) . These national dynamics may affect Indonesia's report of forest-change to the FRA and complicate comparisons with otherwise similar countries, such as Malaysia.
The recent production of several independent global satellite-based estimates of forest area and forest change has renewed debate over the utility of the FRA for tracking global forest change (Friedl et al., 2010; Hansen et al., 2010 Hansen et al., , 2013 Tateishi et al., 2010; JRC, 2012, 2014; Sexton et al., 2013; Achard et al., 2014; Kim et al., 2015; Keenan et al., 2015) . This is exemplified by assertions of large discrepancies between forest-change estimates of the FRA and satellite observations Kim et al., 2015) . Estimates derived from different data, methods, and definitions of forest inevitably diverge, and this is also true of estimates derived from different satellite observations and even the same satellite sensor (Keenan et al., 2015) , complicating assertions of superior accuracy.
Global forest-area estimates defined by five remotely-sensed studies for approximately 1990 (Hansen et al., 2010 JRC, 2012, 2014; Gong et al., 2013) range from À21.4% to +2.2% of the estimates from the FRA 2015 for the same years (Keenan et al., 2015: Table 11 ). This range narrows considerably to À6.5% to +2.2% upon omitting Hansen et al. (2010) from consideration, and narrows further still to À6.5% to À2.6% upon considering only the two remotely-sensed estimates which are consistent with the FRA in defining forests as a land use 2 rather than as general tree cover JRC, 2012, 2014) .
The reported accuracies of remotely-sensed estimates vary in the order of 80-95% plus a margin of error dependent on methodological factors including errors in classification, interpretation and sampling. No comparable accuracy assessment exists for FRA forest-area estimates.
In the tropical domain the range of forest-area estimates defined by six remote-sensing exercises for approximately 1990 (FAO, 2001 Hansen et al., 2010 Hansen et al., , 2013 JRC, 2012, 2014; Achard et al., 2014 ) is centred relatively evenly at À16.8% to +12% of the FRA 2015 estimate for the same years. The range for the tropics is no more narrow than the range for global estimates in spite of the fact that changes in forest use (as reported by the FRA) are believed to correspond most closely to changes in forest cover (as reported by satellite observations) in the tropics (Coulston et al., 2013) . The range for the tropics similarly narrows to between À16% and À3.8% upon considering the three estimates which use forest definitions consistent with the FRA (FAO, 2001: Ch. 46; JRC, 2012, 2014) , again suggesting that FRA estimates align well with reality at large scales. Comparisons of rates of forest loss within the tropical domain suggest more significant deviations between the FRA and remotely-sensed estimates (Keenan et al., 2015) . However, different periods of observation and forest definitions preclude confident comparisons of rates of loss, especially since deforestation rates have varied over time (Keenan et al., 2015) and slowed considerably in some global sub-regions between successive FRA periods (Payn et al., 2015) .
Forests which are naturally regenerating or subject to direct human influence are becoming increasingly important components of tropical landscapes (Lugo and Helmer, 2004; Chazdon et al., 2009; Meyfroidt and Lambin, 2011; Chazdon, 2014b,a; Schnell et al., 2015) . Tree cover of >10% canopy cover increased by 13% (49 Mha) within nominally agricultural landscapes in South America over the 2000s according to satellite estimates (Zomer et al., 2014) whilst total forest area declined over this same period. In South America as well as South East Asia and Central America tree cover of >10% canopy occupies well over half of the total agricultural extent (Zomer et al., 2014) , and may account for 16-21% of national above-ground tree biomass generally (Schnell et al., 2015: Table 3 ). It is therefore noteworthy that a proportion of the discrepancies between the FRA and satellite estimates reflect the fact that FRA forest-area estimates exclude tree cover in landscapes nominally managed for agricultural purposes even where canopy cover exceeds the 10% threshold applied elsewhere. Tree cover in agricultural and other non-forest landscapes was reported to the FRA by only 58% of countries for 2015 because many countries lack data (MacDicken pers. comm.). When such tree cover is reported it is aggregated with non-forest tree cover such as orange groves or oil palm and recorded as 'trees outside forests' (TOF) separately from total forests area (FAO, 2012a,c) . The FRA 2015 reports 284 Mha of TOF globally, of which 214 Mha or 75% are in the tropics. In tropical Asia community forests and home-garden mosaics with dense tree cover occupy vast areas officially designated as agriculture (Collins et al., 1991; Zomer et al., 2014) . The African context is similar, with extensive areas of orchard-bush in sub-humid areas. In Latin America there are large areas of spontaneous forest regrowth on semi-abandoned agro-pastoral lands (Hecht and Saatchi, 2007; Asner et al., 2009; Aide et al., 2013) . According to Aide et al. (2013) some 22-36 Mha of net forest cover gain occurred on abandoned agricultural lands over 2000-2010 across Latin America. The correct categorisation of such tree cover is challenging where agricultural landscapes and tree cover therein are rapidly changing in their extent, form, and usage. The FAO provides countries with guidance on defining landscapes managed for agricultural purposes (FAO, 2012a,c) but the degree and manner to which regenerating and managed mosaic forest cover therein are recorded is variable and not well understood by data users.
The extent of forest mosaics and recent forest regeneration in nominally agricultural landscapes appears to be modest relative to the FRA estimates of tropical forest extent or reasonably well inventoried otherwise. No direct independent measures exist, however, and comparisons of FRA and other estimates of forest area and agricultural landscapes are complicated by differences in definitions, forest detection capacities and other methodological factors. For instance, the FRA 2015 tropical forest area having >10% canopy cover (1770 Mha) is 324 Mha less than the relatively inclusive tropical tree-cover estimates of Hansen et al. (2013) having >25% canopy covey (2094 Mha). This negative discrepancy suggests a first-order estimate of such mosaic and regenerating forests in the tropical domain. However, this estimate of 324 Mha overlooks the fact that the FRA reports some of the tree cover observed by Hansen et al. (2013) as 'other wooded land' 3 (OWL) rather than as forest. As with the FRA forest category, OWL excludes nominally agricultural landscapes. Unlike with the forest category, OWL includes an unknown and potentially large proportional area with canopy cover between 5% and 10%. Given 517 Mha of OWL in the tropics, the combined area of FRA tropical forest and OWL (2287 Mha) is actually 193 Mha greater than the Hansen et al. (2013) estimate, but this positive discrepancy would be reduced significantly and potentially become negative if the unknown proportion of OWL with <10% canopy cover was excluded. Therefore whilst no precise discrepancy can clearly indicate the extent to which the mosaic and regenerating forests in question are reported as TOF rather than as forest or OWL, its potential extent appears to be modest relative to the many hundreds of millions of hectares of forest cover of >10% canopy in agricultural landscapes pan-tropically (Zomer et al., 2014) .
FRA estimates may be less robust for countries where the forest area is proportionally small, agricultural landscapes relatively dynamic, and extensive subsistence agricultural is widely practiced. El Salvador is illustrative, with only 14% forest area according to the FRA and ubiquitous agro-pastoral mosaics. Satellite observations indicate that El Salvador has experienced net gain in tree cover since the early 1990s following widespread regrowth on abandoned pastures (Hecht and Saatchi, 2007) . In contrast, El Salvador reported steady deforestation over 1990-2015 to the FRA, mostly in areas of dense remnant forests . El Salvador's so-called 'invisible forests' are therefore allocated largely to the FRA category 'trees outside of forest' (Hecht et al., 2006) , where observed. This tendency has also been noted with FRA 2010 for Africa , although there dry-forest contexts and extensive agro-pastoral systems introduce notable uncertainties in the remote detection and categorisation of forest area, particularly where forest-canopy thresholds are close to 10% (FAO and JRC, 2012: 23; Beuchle et al., 2015) .
The current FRA converges with remotely-sensed studies more than previous FRAs. Many countries have improved forest monitoring and remote-sensing capacities relative to previous FRAs, most notably in Africa, and in so doing have enhanced the degree to which they capture recovering or disperse forest mosaics in managed landscapes. Countries that improved their monitoring capacities reported net forest gains for the FRA 2015, whereas previously they reported net forest losses (Romijn et al., 2015: Fig. 9 ). This trend is consistent with an enhanced detection and reporting of mosaic and recently regenerated forests as forest in the current FRA. There are also indications that improved capacity amongst forestry institutions correlates with better outcomes for forests (Keenan et al., 2015; MacDicken et al., 2015) .
The time series FRA data has permitted numerous advances in the science and practice of forest management, including the documentation and understanding of recent declines in rates of tropical forest loss (e.g., Rudel, 1998) . The FAO has invested heavily in negotiating forest definitions and norms with member countries for which definitions are politically sensitive and reflect the views of diverse stakeholders -there are more than 1500 definitions of the term ''forest'' (Lund, 2006) . The current FRA definition of forest has been in use for 15 years, but it is inevitable that this definition does not reflect the understanding of the term forest as understood by all users of the FRA. The FRA definition of forest has nonetheless brought clarity to international debates on changes in forest resources. The FRA does reflect realities on the ground to the extent that these may be captured by aggregate national data, notwithstanding uncertainties concerning the categorisation of newly established forest cover in semi-abandoned agricultural landscapes. The FRA arguably remains the best dataset for tracking large-scale forest change trends since 1990 -a period for which there are very few large-scale, high-resolution remote-sensing estimates available -and significant changes in its methodology might actually prove disadvantageous because they would entail interruption of the unique FRA time series. To this end, in consideration of the fact that others will continue to produce global satellite-based estimates of tree cover, it is important that the FRA continue to provide long-term, authoritative series of estimates according to its existing standards. As illustrated below, such time series provide important insights into divergent trajectories of forest change.
Patterns of forest change, 1990-2015
Perhaps the most striking pattern revealed by the FRA 2015 is the dichotomy between forest gains and forest losses in different global sub-regions and climatic domains. FRA 2015 figures reveal 3 Other wooded land is not considered as 'forest' by the FRA. Whilst it also spans 0.5 ha and reaches >5 m in height, it is defined by a tree canopy cover of only 5-10% or by a combined cover of shrubs, bushes, and trees of >10%, excluding lands predominantly under agricultural use. that forest loss is now occurring almost exclusively in the tropics, with either stable or expanding forest in other domains (Keenan et al., 2015) . Half of the world's forest area is within sub-regions where forest extent has been declining since 1990 (Central and South America, South and South East Asia, and all three sub-regions of Africa), whilst the other half is within sub-regions where forest extent is stable or increasing.
National wealth is an apparent determinant of this dichotomy. Since 1990, richer countries have registered forest gains, poorer countries forest losses, and many middle-income countries have transitioned from forest loss to forest gain (Table 1) (Keenan et al., 2015) . This is consistent with forest-transition theory (Rudel, 2005; Sloan, 2015) as well as environmental Kuznets curves (Mather et al., 1999; Culas, 2012) . Both conceptualisations of forest change anticipate deforestation giving way to forest expansion as 'development' proceeds. Nevertheless, in the tropics at least, the gain-loss dichotomy is probably driven less by wealth than by the improved 'rational' allocation of land amongst forest and agricultural uses, often following economic shifts and forward-looking government interventions (cf. Whiteman et al., 2015) . National wealth is not especially high amongst the 13 tropical countries identified as undergoing forest transitions since 1990 by the FRA 2015 (Keenan et al., 2015: Table 9 ). Only two of these countries have per capita GDP greater than the 75th percentile for all 142 tropical countries (Costa Rica, Puerto Rico), and only a further three have a per capita GDP greater than the 50th percentile (Cuba, Dominican Republic, India).
Since the 1990s most tropical countries apparently undergoing forest transitions have also undergone processes that impacted on the national culture and practice of forest management and land use, thus creating conditions wherein forest expansion could occur. Vietnam and Cuba underwent economic liberalisation entailing more efficient, flexible, and privately-owned agricultural enterprises resulting in the re-establishment of forests on lands hitherto dedicated to inefficient, often quasi-collective agriculture. Vietnam also invested heavily in industrial plantation forestry (Rosset and Benjamin, 1994; Rosset, 1998; Meyfoidt and Lambin, 2008; Payn et al., 2015) . India instituted its Joint Forest Management programs and similarly encouraged private forestry, giving communities economic incentives for forest production and conservation (Foster and Rosenzweig, 2003) whilst also phasing out the exploitation of natural public forests (Jürgensen et al., 2014) . Costa Rica pioneered the use of payments for environmental services to landholders in order to encourage reforestation and forest conservation (Pagiola, 2008) , and recently introduced laws to protect regenerating forests from re-clearance (Fagan et al., 2013) . Puerto Rico underwent rapid urbanisation as a result of its special economic and migratory relationship with the USA (Rudel et al., 2000) . Such shifts in the culture and practice of forest and land management have only indirect relationships with wealth per se. Much of their effect on forest expansion was indirect and accidental, and arguably stemmed from changes to underlying economic conditions unamenable to forest conservation and regeneration. This raises the question as to whether the resultant expansion of forest area was simply a fortuitous 'one-off' phenomenon (Müller et al., 2014; Sloan, 2015) . Ongoing forest expansion in northern nations and the parallels between temperate and tropical forest transitions gives some reason to believe forest expansion in tropical countries with growing economies will continue.
The literature on the socio-economic forces underlying shifts to forest expansion and conservation has neglected the role of planted forests and the economics of forest production ). Yet the FRA 2015 clearly illustrates that planted forests 4 account for much of the world's total forest-cover change, particularly in countries with positive or low rates of forest change. Indeed planted forest account for $25-100% of the gains in forest area since 1990 in many of the tropical forest transition countries (Fig. 1) , suggesting that planted-forest expansion is a significant and overlooked factor in forest transitions. Globally, countries in each of the four per capita income categories recognised by the FRA expanded their planted-forest extents over all four FRA periods since 1990, with expansion rates peaking in the mid-2000s (Table 1) . Only the 'high' and 'upper-middle' income categories experienced net forest gains, however, and only these countries consistently established planted forests at higher rates both absolutely and relative to rates of total forest change ( Table 1 ). The increase in planted-forest area for high and upper-middle income countries was driven predominantly by China, Canada, the USA, Russia and Sweden, where gains in planted-forest area more than offset losses of natural forest (excepting China, where natural forests also increased (Liu et al., 2008) ) (Fig. 2) . In most other high and upper-middle income countries both natural-forest and planted-forests areas increased simultaneously, distinguishing such countries from lower-income countries (Fig. 2) . The historical situation whereby richer, temperate countries contained most planted forests is giving way to the reality that expanding populations and economies in the global South are rapidly establishing forests in response to market opportunities. Whilst the expansion of planted-forest area since 1990 was greatest in temperate countries (including China), planted-forest expansion in East Asia (led by China) and South and South-East Asia (led by India, Thailand, and Indonesia) was equal to or larger than expansion in Europe (including Russia) and North America (Payn et al., 2015) . Globally planted forests are increasingly playing a role in balancing competing demands for forest conservation, amenity, and production.
Meeting the world's needs for forest goods and services
Much environmental discourse implicitly presupposes that maximising forest extent will provide the greatest global benefit (cf. Griscom, 2014; Planet Experts, 2014; Unger, 2014) . Maximising forest area is a concern amongst conservationists (Edwards et al., 2011; Gibson et al., 2011 ) and a major issue in the climate change debate. Political and some corporate interests are committing to 'zero deforestation' (Butler, 2013; Lister and Dauvergne, 2014) , and significant international financing is assisting tropical countries to develop and implement REDD+ programs and related forest monitoring schemes to reduce deforestation and increase afforestation (e.g., Satgas REDD+, 2012) . The governments of some tropical countries may subscribe to this rhetoric, but many stakeholders, including the resource poor people who live at the forest margins, often have very different perspectives on what constitutes the optimal extent and type of forest cover (Poore and Sayer, 1991) . The sufficiency of the global forest estate is better considered in terms of the provision of multiple services, e.g., carbon, timber and biodiversity protection, which the 2015 FRA has attempted to inventory. From this perspective there are indeed signs of an impending shortfalls of tropical forest area on multiple fronts as increasingly more services are demanded of a decreasing forest estate (Millennium Ecosystem Assessment, 2005) . We are witnessing the transformation of forest management, conservation, and production so as to satisfy multiple goals simultaneously from the same landscape (Sayer et al., , 2009 ).
An appreciable portion of the global forest estate is already designated for multiple use allowing both production and conservation without prioritising either. Globally 1.049 Mha or one quarter of the forest estate were designated as multiple-use forests in 2015, an increase of 81.8 Mha ha (8.5%) since 1990 (Köhl et al., 2015) . In contrast, the area of protective forests assessed by the FRA -those dedicated to protecting soils, water, and certain ecological and cultural values -is at least as extensive as multiple-use forests but did not meaningfully increase since 1990, potentially because the protective-forest designation may preclude forest exploitation in some countries (Miura et al., 2015) . Multiple-use forests registered the greatest gains in South America (87.5 Mha), Oceania (52.5 Mha), and East Asia (48.3 Mha), and registered the greatest declines in South and Southeast Asia (À56.5 Mha), Europe (À31.9 Mha), and North America (À19.6 Mha). Regional differences in the area of multiple-use forests relative to total forest area are great and reflect differences in forest production and management practices. In North America and Europe (including Russia), where many forests are under explicit 'nature-oriented' production regimes (Nabuurs et al., 2007 (Nabuurs et al., , 2014 , multiple-use forests account for 58% and 24% of the total forest estate, respectively, whereas in South America they account for only 13% despite having expanded 5.5-fold there since 1990. Parallel differences are also apparent amongst the climatic domains, with the tropics having a much smaller area of multiple-use forests as a proportion of total forest area (17%) compared to other domains (Table 2) . Although the proportional area of multiple use forests is low in the tropics the absolute area of tropical multiple-use forests is still relatively large, at 287 Mha (Table 2) .
Conservationists are concerned with the limited extent of primary and quality secondary forest habitat, particularly in humid and seasonally-dry tropical forests (Jepson et al., 2001; Miles et al., 2006; Ribeiro et al., 2009; Portillo-Quintero and Sánchez-Azofeifa, 2010 ) where most of the world's biodiversity resides. Agricultural expansion threatens these forests with conversion (Laurance et al., 2014b) . Modelling by d 'Annunzio et al. (2015) suggests that agricultural expansion to 2030 threatens a small fraction (2%) of the world's largest expanses of intact primary tropical forests, thereby implying that most threatened forests will be relatively fragmented, degraded, and proximate to human activity. This estimate by d 'Annunzio et al. (2015) may be conservative given the 6% loss of total primary tropical forest area since 2000 (Morales-Hidalgo et al., 2015: Fig. 5 ) and the fact that modelling by d 'Annunzio et al. (2015) does not account for the penetration of forests by new roads. Sayer and Cassman (2013) argue that future agricultural demand for land could be met without significant forest loss if agricultural innovations were deployed.
Even if tropical forest loss could be halted the current area and distribution of quality forest habitat is already insufficient for many forest species. The global biodiversity hotspots retain only 15% of intact natural vegetation . One response to this situation has been a dramatic increase in protected area coverage since 1990. The proportion of forest area within protected areas has risen to 7.7-16.3% (308-517 Mha) globally and 10.8-26.6% (128.5-379 Mha) in the tropics 5 (Schmitt et al., 2009 : Table 1; Morales-Hidalgo et al., 2015) (see also Watson et al., 2014 ). Yet, due to the tendency for protected areas (PAs) to be situated far from threats to forests and biodiversity (Joppa and Pfaff, 2009; Sloan et al., 2012) , and given their inevitably limited extent, this expansion of protected-forests has been inadequate to safeguard biodiversity and ecological services generally (Millennium Ecosystem Assessment, 2005; Watson et al., 2014; Miura et al., 2015) . Some 17% of threatened bird, mammal, and amphibian species (n = 4118) are not found in any PA (n > 162,906), and 85% are so poorly represented across PAs that they may not survive in the long-term (Venter et al., 2014) , a situation that has deteriorated over the past decade (Rodrigues et al., 2004) . Human pressures have increasingly isolated PAs and other intact forests (DeFries et al., 2005; Potapov et al., 2008) . PAs are often remnants left after other land use needs have been met and are inadequate to offset a much more generalised decline in the integrity and extent of the larger forest estate. Increasing demand for forest and agricultural products threatens to undermine efforts to arrest biodiversity decline and maintain the integrity of the forest estate (Laurance et al., 2014b) . Demographic and economic growth have historically driven deforestation, forest exploitation, and agricultural demand (South, 1999; Wright and Muller-Landau, 2006; Cohen, 2014a,b) , and such growth will continue rapidly in the developing world. Just as European consumption of forest products increased $50% with increasing prosperity in the latter half of the 20th Century 6 , emergent economies are rapidly increasing their consumption today. Combined industrial and fuelwood removals in the tropics increased by 35% (3,928,650 m 3 ) over 1990-2015 or 1.4% per annum whilst either holding constant or declining slightly in the other climatic domains, so that tropical domain is currently the greatest source of removals globally. Similarly, industrial and fuelwood removals over 1990-2015 increased most rapidly in lower-middle and lower income countries (Köhl et al., 2015) , where economic and demographic growth has been greatest (Wilson et al., 2010; United Nations, 2013) . China increased its share of global log imports nearly three-fold to 37-50% over the last decade (Dieter, 2009; Cohen, 2014b) , and demand for wood products in the Asia-Pacific region is projected to rise 80% by 2030 (FAO, 2008 (FAO, , 2009 , albeit still accompanied by forest conversion to meet agricultural demand (FAO, 2008 (FAO, , 2009 ). Indeed, projections to 2030 suggest that 26% and 15% of current production forests in Latin America and Africa respectively are likely to be converted for agricultural (d 'Annunzio et al., 2015: Table 5 ).
The apparent contradiction of continued globally-significant declines in forest biodiversity despite increases in protected areas highlights the shortcomings of a narrow focus on forest extent. The area of forest allocated for conservation, which is relatively easily measured, is important but equally important is the degree to which these forests are intact, include representative forest types, are inter-connected and subject to effective protection. For the first time the FRA 2015 has provided global figures on partial canopy cover reduction (PCCR), defined as the loss of >20% of tree cover between 2000 and 2012, presumably a result of forest degradation by fire, wood removals, small clearances, insect damage, and so on. Van Lierop and Lindquist (2015) report that the area subject to PCCR in the tropical domain is 6.5 times that deforested since 1990, and up to 15 times greater for South and Southeast Asia. Whilst the ratio of PCCR to deforestation is actually higher in boreal and subtropical domains than in the tropical domain, this is because deforestation in the former domains was negligible, not because PCCR was extensive.
The extensiveness of reduced-canopy forest cover in the tropics is of concern for various reasons. Degraded forests generally provide fewer environmental services such as biodiversity than intact natural forests (Gibson et al., 2011) . More significantly the inclusion of reduced-canopy cover forests within the FRA forest category may encourage the mistaken impression that the natural forest extent is adequate, or at least that the forest conservation situation is better than it actually is, leading to complacency. As yet the PCCR estimates do not provide time-series trends for forest degradation so the long term fate of PCCR forests is not known. Of more immediate concern is the fact that several prominent environmental NGOs (e.g., Greenpeace) and the agri-businesses they have influenced (e.g., Golden Agri-Resources, Syme Derby, PT Smart) have begun assessing forests' conservation value and priority for conversion according to their carbon stock in efforts to direct conversion towards degraded forests (Dinerstein et al., 2014) . The application of High Carbon Stock (HCS) assessments in particular is being promoted as a precondition for tropical forest conversion (Greenpeace SE Asia, 2014) . The problem here lies in the fact that forests subject to relatively minor disturbances such as selective logging or long-cycle shifting agriculture may still retain high conservation value and will regain much of their former biodiversity value if allowed to recover (Meijaard et al., 2005; Edwards et al., 2011) . Reduced-canopy cover tropical forests are already extensive and agricultural corporations now have a perverse incentive to degrade forests so as to then legitimately obtain them for conversion. Stakeholders should be cautious in considering the merits of conversion on the single criterion of reduced carbon stock.
Increasing demand for forest products and services as well as for forest land for agriculture is adding to the difficulty of mitigating global climate change via REDD+ initiatives. Analyses of FRA 2015 data (Federici et al., 2015; Köhl et al., 2015) and FRA 2010 data (Pan et al., 2011; Reich, 2011) indicate that, despite the loss of 10% (195 Mha) of the tropical forest estate since 1990, tropical forests are only marginally a net source of atmospheric carbon emissions. Carbon emissions from deforestation have been offset almost entirely by carbon sequestration due to forest regeneration as well as increases in forest carbon density as a result of 'carbon fertilisation' (Fang et al., 2014) . Significant proportions of total national-level above-ground woody biomass occur as tree cover in non-forest lands such as nominally agricultural landscapes such that estimates of carbon flux may be sensitive to definitions of forest (Schnell et al., 2015) . However it remains difficult to predict whether the reported gap between gross tropical carbon emissions and removals would broaden or narrow upon incorporating trees outside of forests. Tropical forests are now the only forests yielding net carbon emissions according to FRA data and could become a net carbon sink if sustainable forest management were applied only slightly more widely (Pan et al., 2011; Reich, 2011) . The role of tropical forests in the global carbon budget will depend mainly on the rate of future conversion of forests to agriculture, the extent of which will be determined by delicate and unforeseeable compromises between competing forces (FAO, 2008 (FAO, , 2009 WWF and IIASA, 2012; Laurance et al., 2014b) . The projected conversions of production forests to agriculture and a corresponding intensification of production forestry in Latin America and Africa would almost certainly entail net emissions, whereas achieving the national targets of net forest-area increases across Asia and Africa would entail the contrary (see Jürgensen et al., 2014 for China; d'Annunzio et al., 2015: Table 6 ). Tropical forests still have by far the smallest proportion of their total area under an intermediate or good level of sustainable forest management, at 23% (MacDicken et al., 2015: Fig. 2) High standards of sustainable management greatly increase the likelihood that a forest will serve as carbon sink (Putz and Pinard, 1993) so there is much scope for gain in this respect. Large areas of tropical forest are legally designated 6 Whilst consumption increased 54% over 1964-2000, natural forest exploitation increased only 9%, and the total forest supply of timber increased, largely due significant increases in the efficiency of forest harvest, forest-product manufacture, recycling as well as forest protection (Nabuurs et al., 2007) .
7 Production and consumption in Africa is much lower than in the Asia-Pacific region. The African contribution to the 2020 production deficiency reported here is probably under-estimated because these figures do not consider fuelwood, which accounts for $88% of total wood removals in Africa (FAO, 2010: Table 5 .11).
for sustainable permanent use but in practice remain vulnerable to unchecked exploitation (Blaser et al., 2011; MacDicken et al., 2015) , and indeed virtually all tropical forest loss since 1990 has occurred in state lands (Whiteman et al., 2015: Table 2 ).
The growing role of planted forests
Growing demand for forest products makes a strong case for expanding planted forests. Planted forests may reduce pressure on natural forests (South, 1999) , support biodiversity conservation (Sayer et al., 2004; Sayer and Elliot, 2005; Brockerhoff et al., 2008) , and actively remove atmospheric carbon (Nilsson and Schopfhauser, 1995) . There is significant scope to increase production from planted forests in several subregions according to the best available sub-regional data on timber production from planted forests and from all forests combined (natural and planted), which collectively account for 60% of global timber production from natural and planted forests. Planted forests contribute a low to moderate proportion of total production in Africa (10-30%, depending on the sub-region), Central America (34%), and South East Asia (49%) (see also Jürgensen et al., 2014; d'Annunzio et al., 2015: Table 1 ). Modelling based on FRA and FAOSTAT data indicates that if the global extent of planted forests were to increase at 2.4% per annum between 2010 and 2050 planted forests could replace natural forests as a source of timber and fibre (WWF and IIASA, 2012: Ch.4 ). This assumes that 80% of current planted forests are dedicated to production.
8 This target rate it is not dramatically different to the 2.05% per annum increase in planted forest expansion reported by the FRA for 1990-2015. However, the actual global rate of planted-forest establishment has fallen to 1.5% per annum since 2005. Target rates are higher in the Asia-Pacific region (excluding China) and Latin America, at 3.2% and 3% per annum respectively, as compared to their still appreciable actual rates of planted-forest expansion of 2.25% and 2.4% per annum for 1990-2015, underscoring the magnitude of the challenge of meeting wood demands exclusively from planted forests. An expanded planted-forest estate is ultimately only one means of many necessary to achieve better natural forest conservation and management. There is a time lag between establishing planted forests and achieving significant wood production and carbon sequestration at a national to regional scale (Nilsson and Schopfhauser, 1995; Nabuurs et al., 2007 Nabuurs et al., , 2014 . An extensive or rapidly expanding planted-forests estate must complement sustainable forest management more generally to yield functional, sustainable landscapes providing a full range of forest products and environmental services (Sayer et al., 2004) . In South America, where planted forests meet 77-88% of total wood demand (Jürgensen et al., 2014; d'Annunzio et al., 2015: Table 1 ), deforestation is still greater than in other continents both absolutely and relatively in part because only 15% of forests there are subject to an intermediate level of sustainable forest management or better (MacDicken et al., 2015: Fig. 5 ). Modest areas of multiple-use forests and lower grades of sustainable forest management in many low-income and tropical countries suggest that improved management could allow production from natural forests to increase without undue threats to forest conservation, integrity, and biodiversity.
Low-income countries and the tropics have by far the greatest scope to improve sustainable forest management (SFM) . All forest areas are subject to national policies and legislation which promote SFM but low-income countries are in general failing to enact policy and legislation to the local scale, with potential implications for local conservation and production. National forest inventories (NFIs) and forest management plans (FMPs) appear critical for practical near-term improvement in SFM in such countries. Presently 309 Mha of permanent tropical forest is subject to policy and legislation but not covered by NFIs, a far greater area than in other climatic domains absolutely and relative to total forest area. Fortunately NFIs and FMPs are responsive to support from the international community and are efficacious means of advancing various aspects of SFM. The number of countries with NFIs more than doubled to 112 since 2010 thanks largely to support by UN-REDD+ and the FAO in poorer countries, although coverage remains low in Africa. Where implemented, FMPs have explicitly considered high-conservation value forest and community involvement in over 90% of their area, suggesting they may serve as portals to broad and effective SFM generally.
Care must be taken that any concentration of production in a planted-forest estate does not devalue natural forests and discourage investment in their sustainable management. In Borneo the designation of natural production forest has historically prevented forest conversion as effectively as protected forests (Curran et al., 2004; Gaveau et al., 2013) . With the depletion of many natural production forests following decades of encroachment, fire, and logging, forest royalties declined correspondingly (ITS Global, 2011; Ministry of Forestry, 2012; Gaveau et al., 2014) . The Indonesian government has since enacted policies to encourage the establishment of forest plantations, and in many cases these have replaced degraded natural production forests Table S5 ). Agricultural expansion has similarly often occurred on poorly stocked or otherwise degraded natural forests (Abood et al., 2015) . Should fibre production increasingly derive from planted forests investments in sustainable forest management in natural forests must arguably give increased priority to environmental, rather than economic, values, as by payments for environmental services.
FRA data on public expenditures on forests are mute in regards to the degree to which expenditure is directed towards natural or planted forests or towards conservation or production, as these targets are highly intertwined at the national scale. The case of China is illustrative. Expenditures in temperate countries including China increased significantly over 2000-2010 from $9.6 billion to $25 billion whilst public revenues from forests were much lower and increased relatively modestly from $1.1 billion to $2.7 billion (Whiteman et al., 2015) . Superficially this dominance of expenditures over revenues, which is by far the greatest in the temperate domain, suggests significant investment in forest management and monitoring apart from production per se. China accounts for 62% of this growth in expenditure in the temperate domain and just less than half of its total expenditure in 2010. In China forest area increased since 2000 through state-sponsored initiatives such as the National Forest Conservation Program and 'Grains for Green' programs entailing natural forest restoration, payments for environmental services, reduced natural forest harvests and planted-forest establishment for environmental objectives (Zhang et al., 2000; Xu et al., 2007; Liu et al., 2008) . The programs also entailed massive subsidised expansions of timber plantations for industrial production (Fig. 2) . In China at least, the significant economic value invested in planted forests for production is inseparable from the significant non-economic values recently assigned to natural forests following their widespread degradation (Liu et al., 2008) . In the tropical domain, where planted forests are less extensive, forest revenues exceeded expenditures and both increased far more modestly than in the temperate domain, at +$2.9 billion to $5.5 billion and at +$0.5 billion to $1.1 billion, respectively (Whiteman et al., 2015) . 8 Using earlier FAO data Sayer and Elliot (2005) report that 46% of the global planted-forest estate is explicitly dedicated to industrial production (e.g. timber, fibre), 26% is dedicated to nonindustrial uses (e.g., fuelwood, soil protection), and the remaining 26% has an unclear purpose, almost certainly being a mix of industrial and nonindustrial uses. Similarly, FAO (2010: 339) observes that 'productive plantations' accounted for $79% of the global planted-forest estate in 2005, with the balance accounted for by protective planted forests.
Novel forests landscapes
In its earliest days the FRA focussed narrowly on the management of forests as sources of industrial timber but has since progressively adapted its scope to reflect a much broader range of forest attributes and values. This trend must continue as the demands that societies place upon forests continue to grow and vary. Forests are ever more scarce, contested, and valuable, and forest landscapes are ever more diverse and novel as they react to different societal needs and occur in changing environmental conditions (Lugo, 2009) . The extent of natural and semi-natural forests is growing in many human-dominated, multi-functional landscapes (Aide et al., 2013; Zomer et al., 2014) , and these forests are playing a growing role in sustaining production and environmental services (Brockerhoff et al., 2008; . Landscapes are emerging as an important organising framework for the provision of multiple forest services and are the object of significant international debate. Recently global landscape fora have taken place in association with the UNFCCC Conferences of the Parties and several international bodies have committed themselves to a Global Programme for Forest Landscape Restoration (Global Landscapes Forum, 2014) . These novel forest landscapes will be difficult to accommodate within the current FRA reporting framework and will similarly present challenges for remotely-sensed estimates. Metrics for assessing the diverse conservation and production values of trees and forests in mosaic landscapes are currently inadequate and urgently needed.
Tensions exist between the discourse emphasising global forest conservation benefits and the need to alleviate the poverty of local forest dwellers (Kremen et al., 2000) . These tensions signal 'wicked' problems where achieving agreement on even the nature of the problem is difficult and where solutions for one stakeholder create problems for another (Giller et al., 2008; Stewart et al., 2011) . There has been a recent tendency to decentralize the locus of decision making on forests towards the local scale , typically with a good measure of improvisation as decision makers struggle with notions of 'balance' . Countries will make their own decisions on how much forest to preserve how it should be managed as their needs evolve in the 21st Century. The FRA has provided the main inter-governmental framework for debate on forest needs and values and it should continue to do so as those values evolve over time. Forest goods and services in future are likely to derive from an increasingly wider range of land cover types and jurisdictions than presently. Private forests, community forests, planted forests, and trees outside forests will need to be distributed in multi-functional landscapes in ways that optimise the provision of the goods and services that societies will need. The challenge in the future will not be to quantify forest-area changes per se but rather to assess the ability of landscapes to meet a diversity of societal needs. Difficult choices will need to be made at all spatial scales, from local to global, and metrics that measure the ability of the broader landscape to provide a balance of goods and services will enable better decisions on these choices.
An expanding need for Forest Resources Assessments
The greatest challenge to improved global forest management is ultimately not the information provided by the FRA and similar sources but rather the capacity of institutions and civil society in low-income countries to exploit this information. The FRA is the apex of a hierarchy of management tools extending down to sub-national inventories and local consultations. Where forests continue to decline in poorer tropical countries there is often a weak link between national and local levels. Forest loss and degradation is mostly a result not of economic and demographic forces per se but of institutional failures to contain such forces. Information alone cannot resolve the tensions between values attributed by different stakeholders or the power differentials between local people and corporations. But the FRA continues to have an essential role in reconciling such tensions, both by stimulating discussion amongst stakeholders nationally during the FRA exercise (MacDicken, 2015) and by providing an over-arching framework under which global, national, and local management initiatives may flourish. The ultimate challenge is not to know how much forest exists but rather to what degree forests are meeting the varied needs of humanity.
